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ABSTRACT 

Utilizing simple and inexpensive equi^ent, 
elementary and middle school science teachers can conduct 
interesting, exciting, and productive units on rockets, the oldest 
form of self-contained vehicles in existence. This teaching guide 
contains the following: (1) a brief history of experimentation and 
research on rockets amd rocket propulsion from ancient Chinese 
warfare to modern space exploration; (2) the mechanical principles of 
rockets in terms of Newton's Laws of Motion; (3) a discussion of thi? 
science of practical rocketry in terms of rocket engine design, types 
of propellants, engine thrust control, flight path stability and 
control, and weight versus payload considerations; (4) 10 hands-on 
classroom activities which include required materials and tools, 
procedures, and typical classroom discussion topics relating to each 
activity; and (5) a list of commercial suppliers for model rocketry 
x-esources. The activities are effective for teaching the science of 
rocketry, utilizing readily available imterials such as scda cans, 
pencils, balloons, and straws. Further, these activities are 
suggested as an introduction to a follow-up activity of building and 
launching commercially-supplied model rockets. (PR) 
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IH^rOdUCtiOll odsm an the ddcst fonn of sdf'Cmaincd v^luck$ in 



existence. FoitmnnOT to the noduct were in use mmc 
than two dKHisand years agp. Over a king and exciting huttoiy, 
rockds have cvdvi»i into mij^ty vehicles csipaMc erf* launching 
a ^i^ecrift that on tiavdcmt into the gakxybcyi^ 
sdar^stem. Few eiqporoKis can cwnarc wth the orcitt- 
tnent ami thriB of watchh)g a r ucket^poitief^ \xhicie sKh as 
the j^^e Puttie thundbr into 

Qiiklitn are intere^ in rodkcti. Rockets are exdnng* 
They thunder, rmr, and shorn flames. They cany machines 
and huomans off the Earth and out into apace (the only kind of 
tian^KHtationnowal^toaccomplidithat). It is only natuial 
that dr^ras of rocket flight to disunt wtnUs fire the imagina* 
tion of diiklren. 

With some simple and inexpenshx materiab, you can 
conduct an exciting and productive science unit about rockets 

children even if you dmi^t kno«* much abcmt rockc3 
y(Hirse]f* The nuny activities contained in this teaching guide 
emplu^ze hands-on im'ohYment. Background informaticm 
about the history of rockets and ba«c science explaining ^ity 
rcxrkets i^ofk will make >wi an "expert * 

The sciem^ unit that ^Ioh:s is based on Isaac Nentm^s 
laws of morion. The?w laws eitplain why mckets woifc and how 
to make them more efiident. The unit a'so indudo 
concepts of rocket control and descriptions of different kinds of 
rockets. 
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Brief History of 
Rockets 



Hero Engine 




TCKlay's itKkcts m remariuible colkctions of human 
ingenuity. NASA's Space Shuttk and the Sovkt 
Union's Buran (shuttle) arc among the mwt complex 
flying machines ever invented. They staml u|Might on a 
launch pad, lift oflfas rocketa, orbit Earth as ^mcecraft, 
and return to &rdi as gliding aiiplanes. Hie Sp^ 
Shuttte and the Buran arc true q>Ke ^ps. Inafiew 
ye^ diey will be jc»ned by other spaceships. The 
Eurc^an Space Agoicy is building the Hermes and 
Japan is building the HOPE. Still la^r will come 
aero!q>ace planes that will take off from mnwa)^ as 
airplanes, fly into spxc^ and return as airplanes. The 
United States, European Space Agency, United King- 
dom, and Japui are ail working on vehicles for the eariy 
twenty-first ceuiury. All thtsc new and future ^>aceships 
have their mots in the science and technology of the 
past. They arc natural outgrowths of litcraHy thousands 
of years of experimentation and research on rockets and 
rocket propulsion. 

One of the first devices to employ the principles 
essential to rocket flight successfully was a 
wooden bird. In the writings of Aulus GelHus, 
'*r* a Roman, there is a story of a Greek named 
Archytas who lived in the city of Tarenium, 
now a part of southern Italy. Somewhere 
t 0 9^ around the year 400 BC, Archytas mystified 
' ^ and amused the citizens of Tarcntum by 

flying a pigeon made of wood. The bird was 
susf^nded on wires and propeUed along by 
escaping steam. The pigeon operated on the 
aaion- reaction principle that was not to be stated as a 
scientific law until the seventeenth ccntuiy, 

AtK>ut three hundred years after the pigeon, another 
Greek, Hero of Alexandria, invented a similar 

rockctlikc device called an atolipiU, It, tw, 
used steam as a propulsive gas. Hero mounted 
a sphere on top of a water kettle. A fire below 
the kettle turned the water into steam, and the 
gas traveled through pipes to the sphere. Two 
K-shapcd tut^s on opposite sides of the sphere 
allowed the gas to escape, and in so di)ing thrust the 
sphere, rotating it. 

Just when the first true rtKkcts appeared is unclear. 
Stories of eariy rcKkct like devices appear spiiradically 
through the historical records of various cuhurcs. 
Perhaps the first true rockets were created by 
accident. In the first century* AJ*)., the c:hincsc 
were repoaed to have had a simple form of 
gunpowder made from saltpeter, suifbr, and 
charcoal dust. It was used mostly for fireworks in 
religious and other festive celcbratit>ns. Ram 
boo tubes were filled with the mixture and 
tossed into fires to create e^pk>sions during 
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religious fcschals. It is pos^ble that some of tho% tubes 
felted to explode and instead skit^red out of the fires, 
propelled by the gases and sparks prcnluced by the 
burning gunpowder. 

It is certain that the Chinese be^n to experiment with 
the gunpowderfUled xxAks, At some pcnm^ bamboo 
tubes were attached to arrows and launched with bows. 
Soon it was discmxred that these gunpowder tubes 
couid launch themseh'es just by the power produced 
from the escaping gas. The true rocket was bom. 



Following die battle of Kai-Xeng, the Mongols pro- 
duced their own rockets and may have been responsible 
for the s^mad of rockets to EuTOfM;. All througji the 
thirteenth to the fifteenth centuries there were reportt of 
many rocket exiMsriments. In En^and^ a mcmk named 
Roger Bacon improved gunpowder to increa« the range 
of rocket. In France, Jean Froissart found diat flights 
could be more accurate by launching rockets through 
tob€S. Froissan^s idea was the forerunner of the modem 
bazooka* Joanes de Fontana of Itaty deigned a nirface- 
running rocket powered rorpedo for setting enemy ships 
on fire. 



f-p. 



Chinese Fire-Arrows 




True rockets were probably launched beginning in the 
year 1232. At this time, the Chinese and the Mongols 
were at war with each other. During the battle of Kai- 
Keng, the Chinese repelled the Mongol invaders by a 
barrage of '•arrows of flying fire." These fire arrows were 
a simple form of solid propcllant rocket. A tube» capped 
at one end, was filled with gunfK)wder* The other end 
was left open and the tube was attached to a long stick. 
When the powder was ignited, the rapid burning of the 
powder produced fire, smoke, and gas that escaped out 
the open end and produced a thrust. The stick acted as 
a simple guidance system that kept the rocket headed in 
one general direction as it flew through the air. It is not 
clear how effective these arrows of flying fire wtrt as 
weapons of destruction but their psychological effects on 
the Mongols must have been formidable. 



Surface*Running Torpedo 

By the sixteenth century rockets wtre no longer used as 
weapons of war, though they were still used for fireworks 
displays. A German fireworks maker, Johann Schmidlap, 
invented the "step rocket,'* a multi-staged vehicle for 
lifting fireworks to higher altitudes. A large sky rocket 
carried a smaller sky rocket as a payload. When the large 
rocket burned out, the smaller one continued to a higher 
altitude before showering the sky with glowing cinders. 
Schmidlap^s idea is basic to ail rockets today that go into 
outer space. 






Nearly all uses of rockets up to this time were for w arfare 
or fireworks, but there is an interesting old (Chinese 
legend that rcpt^rtcd the use of rockets as a means of 
transportation. With the help of many assistants, a low- 
ranking (Chinese official named Wan Hu assembled a 
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rocket-powatd fiying chair. Attached to du: chair were 
two large kites, and firol to die kites wre forty-seven 
fire-anow rockets. 

On the day (^the fii^t, Wan-Hu sat on the chair and 

die command n> lif ht the nKkets. Forty-seven 
rocket as^tants, eadi aimed with tmches, rushed 
forward to li^t the fuses. There was a tremendous roar 
aca>mpanicd by billowing ck>uds dP smoke. When the 
smc^ cleared, Wan-Hu and his flying chair were gone. 
No one knows for sure what hai^ned to Wan-Hu, but 
it is probable that if the event really did take place, Wan- 
Hu and his diair were blown to pieces. Fire-arrows were 
as apt to explode as to fly. 

Rocketry Becomes a Science 

During the Imcr part of the »wnteenth century, the 
scientific foiindanons for modem rocketry v^^rc bid by 
the great English scientist Sir Isaac Newton {1642- 
1727). NcwtOTi organized his understanding of physical 
motion into three sciendfk laws. TThc laws explain how 
rockets wrk and why they are abk to work in the 
vacuum of outer spac^. (Newton's three laws of motion 
will be explained in detail later.) 

Newton's laws soon began to have a practical impact on 
the design of rockets. About 1720, a Dutch professor, 
Willcm Gravcsandc, built model cars propelled by jets of 
steam. Rocket experimenters in Germany and Russia 
bc^n worldng with rockets with a weight of more than 
45 kg. Some of these rockets were so powerful that their 
escaping exhaust flames bored deep holes in the ground 
even before lift-off. 

During the end of the eighteenth century and early into 
the nineteenth, rockets experienced a brief revival as a 
weapon of war. The success of Indian rocket barrages 
against the British in 1^2 and again in 1799 caught the 
interest of an artillery expert, Colonel William Congrcvc. 
Congrcve designed rockets for use by the British mili- 
taiy. 

The Congreve rockets were highly successful in bank. 
Used by British ships to pound Fort McHenry in the 
War of 1812, they inspired Francis Scott Key to write 
**thc rockets' red glare,** in his poem that later became 

Even with Congrevc's work, the accuracy of ncKkets had 
not improved significantly from the early days. The 
devastating nature of war rockets was not their accuracy 
or power, but their numbers. During a typical siege, 
thousands of them might be fired at the enemy. All over 
the world, rocket researchers experimented with wzys to 
improve accuracy. An Englishman, William Hale, 
developed a technique called spin stabilization. In this 

s 



method, die escaping exhaust gases strack small vanes at 
the bottom of the nxket, causing it to ^in much as a 
buUet doc^ in fli^t. Variaticms of the principle are still 
used today. 

Rockets continued to be us^ with suo^s in battles all 
over the European continent. However, in a war with 
Pnissia, drc Austrian rocket brigades met thdr match 
against newiy designed artillery {ne^. Bmich-Ioading 
cannon with riflol turrets and expkxling warhrads were 
far more eflfcctive weapons of war than the best rockets. 
Once again, rcKi;nts were relegated to peacetime uses. 

Modem Rocketry Begins 
In 1898, a Rus^an schoolteacher, Konstantin Tsiol- 
kovsky, (1857 1935) prc^)Osed the idr^ of ^ce explora- 
tion by rocket. In a rc|K)rt he publisher' in 1903, 
Tsiolkovsky suggested the use of liquiti pn^llants for 
rockets to achieve grvater range. Tsidkovsky stated that 
the spKd and range of a rocket were limited only by the 
exhaust velcKiry of escaping gases. For his ideas, careftil 
research, and great vision, Tsiolkovsky has been called 
the father of modem astronauria. 

Early in the twentieth century, an American, Roben H. 
Goddard, (1882-1^5) conducted practical experiments 
in rocketry. He had bcrame interested in a way of 
achieving higher altitudes than was possible for lighter- 
than-air l»lloons. He published a pamphlet in 1919 




Tsiolkovsky Rocket Designs 



cnutkd^AMf^od$fR0Mbif^ExmmeAitimdes. It was 
a mathematical analysis of vAm is tockty calkd the 
mctcoroic^cal sc^mding rocket* 

In his pamphkty Goddard reached several condusk>ns 
important fo rocketry. Fnnn his toits, he stated that a 
rocket operates with greater efficiency in a vacuum dian 
in air. At the time, mo^ people m^takenly believed that 
air was needed for a rocket to push against and a New 
Tark Times new!^paper editorial of the d^y mock^ 
Goddard's lack of die ''ba^c phyaa Iklbd cmt diily in 
our high schoc^.'' Goddard alK> stated diat multistage 
(or step) rockets were the answer to achieving high 
altitudes and that the velocity needed to escape the 
earth's gravity could be achieved in this way. 

Goddard's earliest experiments were with solid -prc^I- 
iant rockets* In 1915, he began to try various types of 
solid fuels and to measure the exhaust vctodtics of the 
burning gases. 




Dr. Goddard's 1925 Rocket 
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While wcNrking on sdid-prc^Uant roc)u:ts, Ckxldard 
became convinced that a rocb:t could be ;vt^llcd more 
effidendy by liquid fuel. No one had ever built a 
succK^ Ikiuid-prqpellant rod^ befi»e. It was a much 
mne difficult task than building soBd-jHopellant rockets. 
Fuel and ox^oi tanks, tutiniKS, ami combusticm 
chambers wouki be needed. Ini|»K: of the difficulties, 
Goddard achie^ the first succe^l flight with a liquid- 
propcUant rocket on March 16, 1926. Fuel^ by liquid 
oxygen and gasdii^, the rocket flew for only two and a 
half seconds, climbed 12.5 m, and landed 56.1 m away 
ui a cabba^ patch. By today's standards, the flight was 
unimpressiw. But lite the fim powered aiiplane flight 
by the Wright lm>diers in 1^3, Goddard's gasoline 
rocket was the forerunner of a new era in rocket flight. 
Goddard, for his achievements, has been called the fether 
of modem rocketry. 

Goddard's exi^riments in liquid -{Hopellant rockets 
continued for many years. l£s rockets became bigger 
and flew higher. He develc^)ed a gyroscope system for 
flight Gcmtrcd and a paylc^d compartment for scientific 
instruments. Parachute recovery systems were employed 
to return rockets and instruments safely. 

A third great ^pace pioneer, Hermann Obcrth, (1894- 
\9$9) of Germany, published a book in 1923 about 
rocket travel into outer spACt. His writings were impor- 
tant. Because them, many small rocket societies 
spiang up around the world. In Germany, the formation 

one such society, the Verein fur Raumschifiahrt 
(Society for Spz^ Travel), led to the dcvetopment of the 
V 2 roct^t, which was used against London during 
World War II . In 1937, thousands of engineers and 
scientists, including Obcnh, assembled in Pecnemunde 
on the shores of the Baltic Sea. There the mew ad- 
vanced rr>cket of its rinie would be built and flown under 
the dircctorshipof Wcmher von Braun. 

The V-2 rocket (in Germany called the A-4) was small 
by com|>arison to today's rockets. It achieved its great 
thrust by burning a mixture of liquid oxygen and alcohol 
at a rate of about one ton every seven seconds. Once 
bunched, the V-2 was a formidable weapon that could 
devastate whole city blocks. 

Fortunately for Ix>ndon and the Allied forces, the V-2 
came too late in the war to change its outcome. Never- 
theless, by war's end, German rocket scientists and 
engineers had already laid plans for advanced missiles 
capable of spanning the Atbntic Ocean and landing in 
the United States. The range of one of these multistage 
vehicles with a winged upper stage would have been 
6440 to 8050 km. It could have carried a warhead of 
only about about 20 kg, would have glided at low 
altitude and subsonic speed, and would have had an 
inacurracy of at least 32.2 or 48.3 km. 
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With the fiUl of Germany, many unused V-2 rcKrkets and 
components were captured by the Allies. Many German 
rocket scientists came to the United States. Others y>^nt 
to the Soviet Union. The German scientists, including 
Wemher von Braun, were amazed at the progress 
Coddard had made. 

Both the United States and the Soviet Union realized 
the potential of rocketry as a military weapon and began 
a variety of experimental programs. At first, the United 
States began a program with high ahitude atmospheric 
sounding rockets, one of Goddard's ideas from many 
years before. Later, a variety of medium- and long-range 
intercontinental ballistic missiles were developed. These 
became the starting point of the U.S. space program. 
Missiles such as the Redstone, Atlas, and Titan would 
eventually launch astronauts into Earth ort^it. 

On October 4, 1957, the world was stunned by the 
news of an Earth -orbiting artificial satellite launched by 
the Soviet Union. Called Sputnik /, the satellite was the 
first ruccewfiil entry in a race for space between the two 
superpower nations. Less than a month later, the Soviets 
followed with the launch of a satellite carrying a dog 
named Laika on board. Uika surv^ived in space for seven 
days txforc being put to sleep before the oxyycn supply 
ran out. 

A few months after the first Sputnik, the United States 
followed the Soviet Union with a satellite of its own. 
Exphrtr I was launched by the U.S. Army on January 31, 
1958. In October of that year, the United States 
formally organised its space program by creating the 
National Aeronautics and Space Administration (NASA). 
NASA became a civilian agency with the goal of peaceful 
exploration of space for the benefit of all humankind. 

Soon, many people and machines were being launched 
into space. Astronauts orbited the Earth and landed on 
the Moon. Robot spacecraft traveled to the planets. 
Space was suddenly opened up to exploration and 
commercial exploitation. Satellites enabled scientists to 
investigate our world, forecast the weather, and to 
communicate instantaneously around the globe. As the 
demand for more and larger payloads increased, newer 
and bigger rockets had to be built. 

At present, 18 nations working alone and in consortia 
have rockets capable of orbiting satellites around Earth. 
Two nations, the United States and the Soviet Union, 
have manned orbital launch capability' and Japan, China, 
and the 13 member nations of the Eurofwran Space 
Agency expect to orbit astronauts before the year 2005. 

Since the earliest Jays of discovcrv' and experimentation, 
rockets have evolved from simple gunpowder devices 
into giant vehicles capable of traveling into outer space. 
Rockets have opened the universe to direct exploi^tion 
by humankind. 
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Rocket Principles 



Arc^ket in its simplest form is a chamber enciosmg a 
gas under pressure. A small opening at one end of 
the chamber al!o%^^ the gas to escape, and in so doing 
provides a thiust that propels the n^cket in the opposite 
direction. A good example of this is a balloon. Air 
inside a balloon is compressed by the balloon^s rubber 
walls. The air pushes back so that the inward and 
outw^ard pressing forces are balanced. When the nozz'c 
is released, air escapes and prof^ls the balloon in a rocket 
flight. The balloon's flight is highly erratic because there 
are no structures to stabilize it. 
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When we think of rockets, we rarely think of balloons. 
Instead, our attention is drawn to the giant vehicles that 
carry satellites into orbit and spacecraft to the Moon and 
planets. Nevertheless, there is a strong similarity be- 
tween the tu'o. The only significant difference is the way 
the pressurized gas is produced. With space rockets, the 
gas is produced by burning propellants that can be solid 
or liquid in form or a combination of the t^o. 

One of the interesting facts about the historical develop- 
ment of rockets is that while rockets and rocket powered 
devices have been in use for more than two thousand 
years, it has been only in the past three hundred years 
that rocket experimenters have had a scientific basis for 
understanding how they work. 

The science of rocketry was first recorded with t.^t 
publishing of a book in 1687 by the great Englii»ii 
scientist Sir Isaac Newton. His book, entitled 
Philosopbiar Naturalis Principia Mmthtmati^a, described 
physical principles in natuir. Today, Newton's work is 
usually just called the Principia. 

In the Principia^ Newton stated three important scien- 
tific principles that gos'ern the motion of ail objects, 
whether on Karth or in space. Knowing these principles, 
now called Nemon*s lau's of motion, rocketeers have 
been able to construct the modern giart rockets of today 
such as the Saturn V and the Space Shuttle, Here now, 
in simple form, arc Newton's laws of motion 

I Objects at rest will stay at rest, 2nd ubjccts in muiion 
will stay in motiim in a straight line unless acted 
upon by an unbalanced force- 

2. Force is equal to mass times accelcraticm 

3, For ever}- action there is always an oppnsttc and equal 
reaction. 



As will be explained vhcmly, jW three hysh are really 
simple statements of him tlungs move But with them, 
precise determinations of rocket performance can be 
made. 



L2 



Newton^s First Law 

Tliis bw of motkm is joset an vimis mtcn^t dT feet, 
but to know it moms, it t» n^tssvy to understand 
the tenns m$, mifrien, and $mkUmc§df^. 

Ri^ and modon can be chmi^t as c^^Kifitt. Re^is 
die state id an c^sject when it b not changMig posatbn in 
ithtk>n to its sunoundinp. If ymi are sitting isill L«i a 
chair, you can be saki to be at rc«> This term, however^ 
is relative. Your diairmay actually be om of 
roanyseaiscma^Mmiingain^ne. The 
in^rtant thing to itn^mbar tmre is that 
ymt arc not moving m rtlmmn toyomr 
imftMlmu mrfwndi^gs. If reft were defined 
as a total absencx c£ nmticm, it would not 
exist in nature. Even if you were ritting in 
your chair at home, ycHi imuU still be 
moving, bcouse your chair is actually Mtting 
on the surface erf' a ^nnning planet that b 
orbiting a star, and the is moving dsrcmgh 
a rotating galaxy that is, itself, moving through the 
univosc. While ^tdng **still,'' ywi arc, in feet, 
traveling at a speed of hundreds of miles per second. 

Motion is also a relative term. AU matter in the universe 
is moving all the time, but in the first hw, motion means 
dian^g positicm in rclat»n to surroundings. A ball is 
at rest if it is sitting on the ground. The l^I is in 
motion if it is nriling. Then it is changing its portion in 
relation to its sunoimdings. When you arc .^tting cn a 
chair in an aifplane, you arc at rest, but if you |^ up and 
walk <k>wn the aisle, you are in motion. A rocket 
blasting off the laundi pad changes from a state of rest 
to a state of motk>n. 

The third term important to understanding this law is 
unbalanced force- If you hold a ball in j^ur hand and 
keep it still, the ball is at rest. All the time the ball is 
held there though, it is being acted upon by forces. The 
^cc of gravity is pulling the ball downward, while your 
hand is pushing against the ball to hold it up. The forces 
acting on the ball arc balanced. Let the hall go, or move 
your hand upward, and the forces become unbalanced. 
The ball then changes from a state of rest to a state of 
motion* 

In rocket flight, forces become t^nccd and unbalanced 
ail the time. A rocket on the bunch pad is balanced. 
The surfece of the pad pushes the rocket up while gravity 
tries to pull it down, As the engines are ignited, the 
thrust firom the rocket unbalances the forces, and the 
rocket travels upward. later, when the rocket runs out 
of fuel, it stows down, stq?s at the highest point of its 
flight, then fall& back to the Eanh. 



Gravity 




Bali at Rest 

Objects in space also rcaa to forces. A ^cecraft 
moving through the solar system is in constant motion. 
TTie ^aceoaft will travel in a straight line if the forces on 
it arc in babnce. This h2q>pcns only when the spacecraft 
is very for from any laige gravity source such as the Earth 
or the other phncis and their moons. If the ^cccraft 
comes near a large body in ^>ace, the gravity of that 
body will untebncc the forcrsand curve the path of the 
^cccraft. This happens, in particular, when a spacecraft 
is sent by a rocket on a path that is parallel to the Earth's 
surface. If the rocket shows the spacecraft fast enough, 
the ^acccraft will orbit the Earth. As long as an unbal- 
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znoA f^atj (fiictbn or the fiiiiig cif a rocket engine in 
khe o{^>c»tc direction from its mowmcnt) dbcs not 5t^> 
the ^cccraft, it will CKfait tte Earth forever 

Now that the diree tmj^ terms of this iiist law have 
been explain^ it is possibk to restate ihi^ If an 
ob|ea^ such as a rocket, is at itst, it takes an imbalanccd 
fonx to make it nK»ve. If the cA^cct b already numng, it 
takes an unbalanced force to stq> it or to change its 
directiim or ^ed. 

Newton's Third Law 

For the time bemg, we will sk^ the second law and go 
direcdy ro the tiiud. This ^ ftat^ that e\^ actkm has 
an a)ual and %^)poatr reactkm. If ymi have ever stq^ped 
off a »nal! boat that has not been {Hic^>eriy tied to a pier, 
you will know exactly what this law means. 

A rocket can lift ofFfhm a launch pad <»ily when it 
expels ^ out of its enpne. The rod^t pushes cm the 
gas, and the gas, in turn, pudbes on the rcKkct. The 
whote prtKe^ is very similar to tiling a skateboard. 
Imagine that a ^tcboard and ikkr are in a state rc^ 
(not moving). The rider steps off the skatcbc^rd. In the 
third law, the stepping off is called an aaim. The 
skateboard rc^nds to diat action by traveling sotic 
distance in the opposite directk>n* The skateboard's 
motion is called a rwthn. When the distance traveled 
by the rider and the skateboard comi»rcd, it would 
appear that the skatcbc^rd has had a much greater 
reacdon than the action of the rider. This is not the 
case. The reason the skateboard has traveled fanher is 
that it weighs less than the rider. 

With rockets, the action is the eipcUing of gas out of the 
engine. The reaction is the movement of the rocket in 
the oppo»te direction. To enable a nxkct to lift off 
ftom the launch pad, the actk>n, or thrust, ftom the 
engine must be greater than the weight of the rocket. In 
space, however, even tiny thrusts mW ause the rocket to 
change direction. 

One of the most commonly asked questions about 
nKkcts is how they can work in ^ace where there is no 
air to oppo^ ibcir niowment. The answer to this 
question ci>mcs from the third bw. Imagine the skate 
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board ^Eain. On the ground, the only jwt air {days in 
the motions of the rider and the skateboard is to slow 
ti^mdown. Moving thrcmgh the air ouses fiictk>n, or 
as scientists call it, drag. Hie surrounding air imped , 
die action-rcactkm. 

As a result rockets actually wcnk better in i^ce than they 
ck>inair. As die exhau^ gas ieav» die rocket engine, it 
must pu^ away die wrrcmnding air; thb uses up some 
<^theenagy(rf* die rocket. In ^ce, the exhaust gases 
can escape finecly. 

Newtxm^s Scamd Law 

This law of motion is essentially a statement of a mathe- 
rmtical equation. The thr^ parts tl% equation are 
mass (m)^ accxlaatk>n (a), and force (f)- Using letters to 
symbolic each pan, the equation can be written as 
follows: 

f « ma 

By using ^mple aigebra, we can also write the equation 
two other ways: 

f 

a « — 
m 

f 

m = — 
a 
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The first version of inc equation is the one most com- 
monly rcfcrpcd to when talking aoout Newton's second 
law. It reads: force equals mass timw acceleration. 

Force in the equation can be thought of as the thri^st of 
the rocket. Mass in the equation is the amount of rocket 
fuel being burned and converted into gas that expands 
and then escapes from the rocket. Acceleration is the 
ntt at which the |$as escapes. Inside the rocket, the gas 
docs not really move, but as it leaves the engine it picks 
up speed. 

The second law of motion is especially useful when 
desiring efficient rockets. To enable a rocket to climb 
into low Earth orbit or escape the Earth's gravitational 
pull, it is necessary to achieve velocities, or ^eds, in 
excess of 28,000 km per hour. The speed necessary to 
escape Earth's gravity, 40,250 km per hour, is called 
•cscaj^ velocity," Attaining escape velocity requires the 
rocket engine to achieve the greatest action force 
possible in the shortest time. In other words, the engine 



must bum a large amount of fuel and push the resulting 
gas out of the engine as rapiiUy as pmsible. Ways of 
doing this will be described in riic next chapter. 

Newton's second law of motkm can be restated in the 
following way: The greater the mzu of rocket fiiel 
bun^ and the fester the |^ produced can cKapc the 
engine, the greater the thrust of the rocket. 

Putting Newton's Laws of Motion Together 
An unbsdanced force niust be exerted for a rocket to lift 
off from a launch pad or for a mh in space to change 
sperf or direction (fim law). The amount of thrust 
(force) pioduced by a rocket engine will be determined 
by the mass of rocket foci that h burned and how fast 
the gas escai^s the rocket (second law). The reaction, or 
motion, of the rocket is equal to and in an opp<»ite 
direction fh)m the action, or ^rust, from the cnpne 
(third law). 



Practical Rocketry 




he 6rst rockets ever built^ the fire-arrows erf the 
Chinese, wim not very leliabte* Many just 



expkxkd on launching. Others fk:w on emstk courses 
and landed in the wrong plaix. Being a rockc^r in the 
days of the fire-arrows must have been an exciting but a 
highly dangerous activity. 

Today, rockets are much more reliaUCw They fly cm 
precis courses and are oif^Ue of gcnng hst emmgh to 
exai^ the gravitaticmalpuil of the Earth. Modem 
rockets are aUo mcnr cflfident brause we have a firm 
understanding of the ^ntific principles behind rock- 
etry. This has led us to devck^ a wide variety of ad- 
vanced rocket hardware and to devise new pr qpellants 
that can be used for longer trips and more efficient 
takeoffs. 



Rjocket En^ncs and Their Pfopellants 

Most rockets tc^lay cerate with either solid or liquid 
propellants. The word "propcllant'* does not mean 
:^mpiy fuel, as you might think, it means both fuel and 
osidizer. llie fuel is the chemical the rocket bums, but 
for burning to take place, an oxidizer (oxygen) must be 
present. Rockets do not have the luxury that jet planes 
have, jet engines draw oxygen into their engines from 
the surrounding air. Rocket engines, which <^rate 
mostly in space where there is no air, must carry their 
oxygen with them. 

Solid rocket proj^Ilants^ which are dry to the touch, 
contain both the fuel ami oxidizer in the chemical itself 
Usually the fuel is a mixture of hydrogen compounds 
and carbon. The oxidizer is made up of oxygen com- 
pounds. IJqutd propellants, which are ofien gases that 
have been chilled unril they turn into liquids, are kept in 
separate containers, one for the fuel and the other fbr 
the oxidi^r. Then, when the en^ne fires, the fuel and 
oxidizer are mixed together in the en^ne. 

A solid propcliant rocket has the simplest form of 
engine. It has a nozzle, a case, insulation, a propcliant, 
and an igniter. The case of the engine is usually a 
relatively thin metal that is lined with insulation to keep 
the propcliant from burning through, llie propellant 
itself is packed inside the insulation layer. 

Many solid- pmpcllam rocket engines feature a hollow 
core that runs through the propellant. Rockets that do 
not have the hollow core must be ignited at the lower 
end of the propellants and burning proceeds gradually 
from one end of the rocket to the other. In all cases, 
only the surface of the pmpellant bums. However, to 
get higher thrust, the hollow cone is used. This increases 
the surface of the propellants available for burning. The 
propellants bum from the inside out at a much higher 
rale, and the gases produced escape the engine at much 
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higlm^ecds. gjvis a greater dmist. Some 
pivqxdlant cms are sax diaped to iiKT^^tse die burning 
surface mcHt. 

To fut the solid piopellants, many kinds igniters can 
be used. Fire-anon^ wtrc igniicd by fuses, Imt some- 
times these igniicd too quickly and Imrned 
Kcr. A far safer and more refial^ torn ctt ignitioi) is 
erne that empk^ekctridty* Ao elcwric oinent, 
coming through wires from srnne distance away, heats 
up a ^dal wire insde the rocket. Hie wire raises the 
ten^^erature of the propellant it contacts to the com- 
Inistion point. 

Many igniters are more advanced than the hot-wire 
dcvke. Some arc oicased in a chemical that ignites 
first, which then ignites the propeUants. Other igniters, 
ee^ioiaUy tiiose kff large rockets, are rocket en^nes 
themselves. The «iiall engine inside the hollow rare 
Mastsa stream offhrnes and hot gas down from the 
tc^ erf* the core and ignites die entire surface area of the 
pn^)ellants in a fraction of a serand. 

The nozzle in a solid propellant engine is an (^>ening at 
the Iwi of the rocket that permits the hot cjcpanding 
gaws to escape. The narrow part of the noz^ is the 
diroat. Just beyond the throat is the exit cone. 

The purpose of the nozzle is to increase the accelera- 
tion of the gases as they leave the rocket and thereby 
maximize the thrust. It docs this by cutting down the 
caning through which the gases can escape. To see 
how this works, you can experiment with a gaiden hose 
that has a ^ray nozzle anachmcnt. This kind of nozzle 
does not have an exit cone, but that docs not matter in 
the experiment. The important point about the nozzle 
is that the size of the opening can be varied. 

Start with the opening at its widest point. Watch how 
far the water squirts and feel the thrust produced by 
the departing water. Now reduce the diameter of the 
opening, and again note the distance the water squirts 
and feel the thrust. Rocket nozzles work the same way. 

As with the inside of the rocket case, insulation is 
needed to protect the nozzle from the hot gases. The 
usual insulation is one that gradually erodes as the gas 
passes through it. Small pieces of the insulation get 
very hot and hxtsk away from the nozzle. As they arc 
blown away, heat is carried away with ihcm. 

ITic other main kind of rocket engine is one that uses 
liquid propellants, 'ITiis is a much moie complicated 
engine, as is evidenced by the feet that solid rocket 
engines were used ft>r at least seven hundred years 
before the first successful liquid engine was tested. 
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Solid Propellant Rocket 



Liquid propellants have separate storage tanks— one for 
the fuel and one for the oxidizer. They also have pumps, 
a combustion chamber, and a nozzle, 

. he fiicl of a liquid engine is usually kerosene or liquid 
hydn^en; the oxidizer is usually liquid oxygen. They 
are combined inside a cavity called the comhmtion 
chamhtr. Here the pn^Uants bum and build up to 
high temperatures and pressures, and the expanding gas 
escapes through the nozzle at the lower end. To get the 
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Liquid Propellant Rocket 

mcxst power from the propellants, they must be mixed as 
a>mplerely as possible. Small no/zle injeaors on the 
nx>f uf the chamber spray and mix the propcllants at the 
.same rime. UccauM: the chamber operates under high 
pressures, the pn>peUants need to be forced inside the 
chamber. Powerfiil, lightweight turbine pumps between 
the pmpclbni tanks and combustion chamt^nj do this 
job. 

With any rocket, and especially w-irh liquid propellant 
rwkcis, weight is an impi>rtant factor. In general, the 
heavier the rocket, the more the thrust needed to get it 



olFthc^CHuid. Because ofdiepumfM and fiidGncs, 
liquid cngmes ait much biavicr than solid en^nes. 

One especially good method of reducing the weight of 
liquid engines is to make the exit oone of die nozzle out 
of very Bghiwcight metals. However, die extremely hot, 
fa^ moving gases that pass throu^ the cmc wnikl 
quickly mch thin metal. Therefore, a cooling system is 
needed. A hi^y dl^ve diough ccmiptex co^g 
system that is used with some liquid engines takes 
advanta^ of the low temperature of liquid hydn^cn. 
Hydn^n bea>mes a Itquki when it is chiUoi to minus 
423*F("25^). Before injecting the hydrogen into tht 
a>mbustion chambor, it is first circulated through small 
tubes that h(x the walls ^ die exit ccMie. In a cutaway 
view, the exit cone wall looks like the edge of corrugated 
cardboard. The hydrogen in the tubes absorbs the 
excess heat entering die cotc walls and prevents it from 
meldng the walls away. It also makes the hydrogen 
nK>re oiergetic becau»; of the heat it picks up. We call 
this kind of cooling system rtgrnetativt covUf^. 

Engine Thrust Control 

Controlling the thrust of an engine is very important to 
launching i»yloads (cargoo) into orbit, Too much 
thrust or thrust at t\K wrong time »'an ausc a satellite to 
be pbccd in the wrong orbit or set t€x> far out into sp^cc 
to be useful. Too litde thrust can cause the satellite to 
fall back to the Earth. 

Liquid-prc^Ilant engines control the thrust by varying 
the amount of propellant that enters the combustion 
chamber. A computer in the rocket's guidance system 
determines the amount of thrust that is needed and 
controls the prc^Ilant flow rate. On more com}riicatcd 
flights, such as going to the Moon, the engines must be 
started and stopped several times. liquid engines do 
this by ^mply starring or stOR)ing die flow of prc^l^ 
lants into the combustion chamber. 

Solid-propellant rockets are not as easy to control as 
liquid rockets. Once started, the pn^llants bum until 
they arc gone. They arc very difficult to stop or slow 
down j»rt way into the bum. Somerimcs fire extin- 
guishers arc built into the engine to stop the rcxkct in 
flight. But using them is a tricky procedure and doesn't 
always work. Some solid-fuel engines have hatches on 
their sides that can be cut loose by remote control to 
release the chamber pressure and terminate thrust. 

The burn rate of solid propcllants is carefully planned in 
advance. ITie hollow corr running the length of the 
propcllants can be made into a sta* shape. At first, there 
is a very Urge surface available for burning, but as the 
points of the star bum au-ay, the surface area is reduced. 
For a rime, less of the propellant bums, and this reduces 
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dmist. The S&i>«^ uses t^iis 
vihntkms early in its fli^t into ort>it. 

CAUTION: Althou^ tmisx roctos us<^ by govern- 
mems and researdi organizations are vtiy reUabk, tiiere 
is still great dang^ ai»ociatcd with the building and 
fiiii^ of racket oi^es. IiuiivKluals interested in 
rocketry should nmr attempt to buiki their own 
engines. Ewn the arnplot-bcrfdng rocket engines are 
very complex. Case-waU bursting strengdi,prc^>elbnt 
paddng density, iK>zzle de^gn, and pn^liant chemistry 
are all de!agn problems beyond the scope of mo^ 
amateurs. Many home-built rocket engines have 
eipkxied in the faces of their buikiers with tia^c 
consequences. 

Stability and Control Systems 

Buikiing an e^ent rocket engine is cmty fmt of the 
pn4>tem in producing a success rocket. The rocket 
must alw be stat^ in flight A stable rocto: is one that 
fiies in a snoothy uniform direction. An unstable rocket 
ffies along an erratic path, sometimes tumbling or 
dunging directicHi. Unstabte rockets are dangerous 
because it is not possible to predia where they will go. 
They may even turn up^c down and suddenly head 
back directly to the launch pad. 

Making a rocket that i$ ^blc requires some form of 
control system. Controls can be either acti>^ or passive. 
The dificirence between these and how they work will be 
expbined later. It is first important to understand what 
makes a rocket stable or unstable. 

An matter, regairdless of size, mass, or dliape, has a point 
inside called the ^mirr tffnm (CM). The center of 
ma» is the exact ^t where all of liie ma^ <^ that objea 
is perfectly balanced. You can easly find the center of 
mass €^ an object such as a mler by balancing the object 
on your finger. If the material usod to make the ruler is 
of uniform thickness and density, the center of mass 
should be at the halfway point t^twecn one end of the 
stick and the other. If the ruler were nwde of wood, and 
a heavy mil were driven into one of its ends, the «ntcr 
of mass would no lon^ be in the middle. The balance 
point would then be r^^arer the end with the nail. 

The center of mass is important in rocket flight because 
it b around this point that an unstable rocket tumbles. 
As a matter of fact, any ob|at in flight tends to tumble. 
Throw a stick, and it tumbles end over end. Throw a 
ball, and it spins in flight. The aa of ginning or 
tiunbling is a way of becoming stabilized in flight. A 
Frisbee will go ^ere you want it to only if you throw it 
with a deliberate spin. Try throwing a Frisbee without 
spinning it. If you succeed, you will see that the Frisbee 
ffies in an erratic path and falls far short of its mark. 



In flight, spinning or tumbling takes place around one or 
more c^thm axes wit^iin the c^jea. They are calloi 
ndl^ pitch, znd yaw. Hie point mdmc aU three these 
axes intersect is the center erf" mass. For rocket flight, the 
pitch and yaw asces are the most impcmant because any 
nK>vement in ddier of time two directions an cause the 
rocket to ^ off courxi. The roll axis is the Inst impor* 
tant b<xause mowment along this axis will not aflcct the 
flight i^th. In &a, a rc^g motion wUl help stabilize 
the rocket in the ame way a pn^K^y {^ssed football is 
stabilized by n^Kng (spiraiing) it m flight. Although a 
poorly passed football may still fly n> io mark even if it 
tumbles rather than rolls, a rocket will not. The action- 
reaction enei^ of a football i»ss will be completely 
expended by the thrower tiie moment tiie ball leaves the 
hand* Widt rockets, thrust flirni the engine is still being 
producol while the rocket is in fliight. Unstable motions 
about the pitch and yaw axes will cause the rocket to 
leaw the planned a>urse. To prevent tiiis, a control 
system is needed to prevent or at least minimize unstable 
motk>ns. 

In addition to ouiter of mass, tiicre is another important 
center iruode the rocket tiiat aflects its flight. Hiisisthe 
cm$erofpmfun(CP). The center of prc^urc exists 
only when air is flowing past die moving rocket. This 
fbwing air, mbbing and puling against the outer 
surface of the roctet, can cause it to be^ moving 
around one its three axes. Think for a moment of a 
weather vane. A weather vane is an arrowlike stick that is 
mounted on a rooftc^ and is used lur telling wind 
direction. The arrow is attached to a vertical rod that 
acts as a pivot point. The arrow is balanced so that the 
anter of mass is right at the pivot point* When the 
wind Mows, the arrow turns, and the head of the arrow 
points into the oncoming wind. TTic tail of the arrow 
points in the downwind direction. 

The reason that the weather vane arrow points into the 
wind is that the tail of the arrow has a much lai^r 
surfaa area than the arrowhead. The following air 
imparts a greater force to the tail than the head, and 
therefore the tail is pushed a%vay. There is a point in the 
arrow where there is exactly the same surface area on cv.ic 
side of the point as on the other. This spot is called the 
center of pressure. The center of pressure is not in the 



Center of Pressure 



Center of Mass 




ERIC 



same place as the center of mass. If it were, thcan neither 
end of the arrow wouhl be favored by ^ wimi and the 
arrow would not point. Hie center of pressure 
between the onter d mass and die tail end the arrow* 
This means that the tail end has morr sur&ce am than 
the head end. 

It is extremely impwtant that the antcr of prcssorc in a 
rocket be located tovaid die tail and the center of mass 
be locatoi toward the nose. If they are in the same {rfaw 
or vciy near each other^ then the rocket wiU be unstaUe 
in flight. The rocket will then try to rotate about the 
center of mass in the pitch and yaw dxt^ pNTodudng a 
dan^rous »tiiad<»i. With the cento* of prc^ire bcated 
in the right place, the rocket will remain stable. 

Control systems fi>r rockets keep a rocket stable in flight 
and steer it. Small rockets usually require only a stabiliz- 
ing control system^ but hrgc rockets, such as the ones 
that bunch satellites into orbit, require a system that not 
only stabilizes the rocket but also enables it to change 
course while in flight. 

Controls on rockets can either be active or passive. 
Passive controls arc fixed devices that k^p rockets 
stabilized by their very presence on the rockct^s exterior. 
Active controls can be moved while the rocket is in flight 
to stabilize and steer the craft. 

The simplest of all passive controls is a stick. The 
Chinese fire-arrows were simple rockets mounted on the 
ends of sticks. The stick kept the ^ter of pressure 
behind the center of mass. In ^ite of this, fire-amows 
were notoriously inaccurate. Before the center of 
pressure could take effect, air had to be flcnving past the 
rocket. While still on the ground and immobile, the 
arrow might lurch and fire the wrong way. 

Years later, the accuracy of 6re arrows was improved 
considerably by mounting them in a trough aimed in the 
proper direction. The trough guided the arrow in the 
right direction until it was moving fast enough to be 
stable on its own. 

As will be explained in the next section, the weight of 
the rocket is a critical iactor in performance and range. 
The fire-arrow stick added too much d^ weight to the 
rocket, and therefore limited its range considerably. 

An important improvement in rocketry came with the 
replacement of sticks by clusters of lightweight fins 
mounted around the lower end near the nozde. Fins 
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could be nwle out of lightweight materbls and be 
streamlined in ^lape* Hiey give rockets a dsjtUke 
apprarance. Hie large surface aita of the fins ea^ kept 
die center crf'i^i^irelH^hiiKi the center of mass. Some 
expeiimoiteis even bent die bwer t^ ctf the fins in a 
pinwheel &shkMi to promote ra{Hd qnnning in flight. 
With these **^in fins,'' rockets become much mme 
^ble in fl^t. But diis design al» produ^ more drag 
and limits the rocket's range. 

With the son of modem rocketry in tl^ twentieth 
century, new ways woe sou^t to inrtprove rocket 
stability and at the same time itduce ovmXi rocket 
vm^t. Hie ans%w to this was the devek^mient of 
active ocMitrols. Actiw contnd syncms indinied vanes, 
tilting fins» canards, ^mbal^ noz^is, vernier rockets, 
fuel injection, and attituck-contnri rockets. Tilting fins 
and canards are quite srniibr to each mher in zppe^- 
ance. The only real difference between diem is thdr 
locatk>n on the rockets. Canards are mounted on the 
front end of the rocket while the tilting fins arc at the 
rear. In flight, the fins and canards tilt like mdders to 
deflect the air flow and cause the rocket to change 
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course. McHbn senscMS on the rocket dctmunpbi^^ 
dircaioral changss, and ccnmtkHis can be m»3k by 
stight tihing of die fins and caimrds. Hie advantsigc 
these two devios is azeaiidwdight* Hiejr are smatter 
and lighter and produce less diag dtan die brge fins. 

Other active contnrf systems can eliminate fins and 
canaidsatogedier. By tihing the anj^ at which die 
exhautt gas leaves the todkst engine, course change cam 
be made in flight. Scveial technique can be used for 
changuig exhaust diiecticm. 

Vanes aie small finlike devices diat are placed insde the 
exhaust of the focket engine. Hiring the vaiws deflects 
the exhaw^, and, by acti<»i-reactkHi, the rocket rei^nds 
by pcMnting the oppoatc «ay. 

Another method for changing the exhaust direction is to 
^tel the nozzle. A g^mbaloil nozzle is om that is able 
to sway while exhaust gases arc pacing through it. By 



tilting the engine nozzle in the im)pcr dircctk>n, die 
rocket re^n<b by chanj^ng ccmisc. 

Vernier roduds can also be ui^d tt> dnngc dircc!i«i. 
Ti^sc aie imnall rockets mounted on the outsdc die 
Lrge engine. When needed they fire, producing the 
de»red course change. 

In 3?»ce, only by ^muiing die nxfcet along the roU axis 
or by u»ng active OHitrdls invcdlving d% en^e ohaust 
can the rocket be mbilizcd 0€ have its direction 
chan^. WiduHit air, fins and canards have nothing to 
wmfcupcHi. (Sdoice fictk>n nwvks sowing rocl. sin 
iqpace widi vrint^s and fins are lorg cwi fiction and short 
on science.) Tjie most commc^ kimls ci active control 
u^ in ^>acc are attitude-control rockets. Small dusters 
{^engines are rrKHintcd all anmmi ti^ vchkle. By fifing 
die right a»nbination of these anall rockets, the vehicle 
can be turned in any directim. As socni as they are 
^med pn^Krly, the main eng^es fire, sciuling the rocket 
off in the ncwdirecticMi. 



Rockat Changaa IMractien 







Weight 

There is another impcHtant fiictw affecting the perftwin- 
ana of a lockct. The wdght of a rocket can make the 
diflerencx between a successfiil fli^t and just wallowing 
around on the launch p^. As a l»»c prinaj^ of rocket 
flight, it can be said that for a rocket to leave the 
ground, the engine must produce a thrust that is greater 
than the total weight of the vehicle. It is obvious diat a 
rocket widt a tat of unnecessary weight will not be as 
cffident as one that is trimmed to just the bare nscntials. 

For an ideal rocket, the total weight of the vehicle 
should be distributed following this general formula: 
Of the total mass, 91 percent should be propcllants; 3 
percent should be tanks, engines, fins, etc-; and 6 
pcrecnt can be the payload. Paykx^ls may be satellites, 
astronauts, or spaacraft to other planets or moons. 

In determining the cflfcctivcncss of a rocket design, 
rocketeers speak in terms of mass fraction (MF). The 
mass of the propcllants of the rocket divided by the total 
mass of the nocket ^«s mass fiaction: 



MF 



mass of propcllants 
total mass 



Glmbaled Nozzle 



The mass fracdon of the ideal rocket given abow is 
From the mass fiaction fomiub one might think that an 
MF of 1.0 is perfea, but then die entire rocket would be 
nothing more than a lump of propcllants that woukl 
simply ignite into a fireball. The larger the MF number, 
the less pa;^c^ the rocket can carry; the analkr the MF 
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number, the less its range becomes. An MF number of 
0.91 is a good balance between payload-canying capabil* 
ity and range. 

Large rcKkets, able to carry a spacecraft into space, have 
senous weight problems. To reach space and proper 
ort>i^ \elocitics, a great deal of propellant is needed, 
and therefore the tanks, engines, and aswciated hard- 
ware become larger. Up to a point, bigger rockets fly 
farther than smaller rockets, but when they become too 
large their structures weigh them down tor much, and 
the mass fraction is reduced to an impossible number. 
A solution to the problem of giant rockets weighing too 



much can be credited to the sixteenth-^century fireworks 
maker Johann Schmidls4>. Schmidlap attached small 
rockets to the top of big ones. When the large rocket 
was exhausted, the rcKket casing was dit^^d behind 
and the remaining rocket fired. Much hi^er altitudes 
were achie\'ed by this methtKl. 

The rockets used by Schmidlap were called step rockets. 
Today this technique of building a rocket is called 
^^ng. Thanks to staging, it has Income possible not 
only to reach outer space but the moon and other 
planets, too. 



op 




Activities '^J^ following activities are useful for 



teaching about the science of rocketty. 
They make use of simple and inexpensive 
materials. It is suggested that these activities 
be used as an introduction to a foUow-up 
acti\'ity of building and launching commercial 
model rockets. 
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Soda Pop Can Hero Engine 



Subject: Rocketry 

Topic Ncwton^s laws of McKton 

Dcsarqiytkm: Water streaming thiYW^ hoics in the 

bonom of a suj;)cnikd soda pop can causes the can to 

rotate. 

Contributed by: Tom Clausen, Kennedy Space Center 
Explorations Station 

Materiak and Tools: 

Empty soda pop can with the opener lever intaa 

Nail or ice pick 

Fishing line 

Bucket tub of water 

Method: 

1. lay the can on its »de and using the nail or ice 
pick carefully punch four equally ^ced small 
holes just above and around the bottom rim. 
Then, befcm rrnx>ving the punching tool from 
each m>le, jmsh the tool to the right {fwallel to 
the rim) so that the hole is slanted in that 
direction. 

2* Bend the can's opener lever straight up and tie a 

short kngth of filing line to it. 
3. Immerse the can in water until it is Hllcd. Pull 

the can out by the fishing line. Water streams 

will start the can ginning. 

Disciission; 

Hie soda pop can Hero engine is an excellent demon 
stratk>n of Newtim's bws of motion. The can rotates 
because a for^ is exerted by the flowing water (first 
law). The rate of rotation will vary with different 
numbers of holes and different diameters erf" 1k)Ics in 
the can (second law). Try two holes and try a can with 
large holes wrsus a can with small holes. The can 
rotates in the oppoate direction from the direction of 
the water streams (third law). 

For more information about Hero engines, refer to the 
''Hero Engine' activity. 




Classroom 
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Kocket Pinwheel 

Subject; Rocketry 
T<^c Actirai'Kcaction Prindpk 
Discri^tioii: Ccmstnia a l»)kx»i-powcrcd i^nw^nl. 
Omcributcd by: John Hart^Id, Lewis Re^rch 
Center 

Materials: 

Woockn pencil with an eraser on tjnc end 
Straight |nn 
Round party balloon 
Flenble soda straw 
IMastictape 

Method: 

1 . Inflate the balkx>n to stretch it out a hit. 

2. Sip the nozzle end of the balfaxm over the end of the 
straw farthest away fcom the bend. Use a short piece 
of plastic tape to seal the balloon to the straw. The 
l»lk»n should inflate when you blow through the 
straw. 

3. Bend the i^posite end the straw at a right angle. 

4. Lay the straw and balloon on an outstrctchni Bnger 
so that it balances. Push the pin through the straw at 
the balance point and then ccmtinuc pushing the pin 
into the eraser of the pencil and finally into the wood 
itself. 

5- Spin the straw a few times to loosen up the hole the 

pin has made. 
6. Inflate the balloon and let go of the straw. 

Discussion: 

The balloon-powered pinwheel ^ins because of the 
action-reaction prindple described in Newwn's third law 
of motion. Stated amply, the law says every action is 
accomi^nied by an c^posite and equal reaction. In this 
case, the balloon produces an acticm by squeezing on the 
air inside causing it to rush out the straw. The air, 
traveling around the bend in the straw, imparts a 
reaction force at a right angle to the straw. The result is 
that the balloon and straw ^in around the pin. 
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Rocket Car 



Sol^ect: Roduuy 

Toi»ic: Ncwton^s Third Law of MoticHi 
Dcscr^tiafi: A small car is propelled by the action- 
re^on force generated by a balloon. 
Ccmtiibatcd by: Gregory Vogt, Oklahoma State 
Umverstty 

Materials and Tools: 
4Pins 

Styrofbam meat tray 
Cellqphane tape 

ScBson 

Drawing compass 
Marioerpcn 
Small party balloon 
Ruler 

Procedure: 

1 . Using the ruler, marker^ and drawing compass, 
draw a rectangle about 7.5 by 18 cm and four 
circles 7.5 cm i.i diameter on the flat surface of 
the meat tray. Cut out each pte«. 

2. Push one pin into the center of each drde and 
then into the edgt of the rtctan^e as shown 
in the picture. The pins become axle^ for 

the wheels. Do not push the pins in snugly 
because the whecU have to route freely. It is 
alright if the wheels wobble. 

3. Inflate the balloon a few times to stretch it out a 
bit. Slip the nozzle over die end of the ficxi-straw 
nearest the bend. Secure the nozzle to the straw 
with tape and seal it tight so that the balloon can 
be inflated by blowing through the straw. 

4« Tape tb^ straw to the car as shown in the picture. 
5. Inflate the balloon and pinch the straw to hold in 

the air. Set the car on a smooth surface and release 

the straw. 



Discussion: 
Hie rocket car is 
propelled along die 
floor according to the 
principle stated in Isaac 
Newton^s third law of 
motion. **For every 
action there is an oppc^te 
and eqiu! reaction.^ Because 
the t^loon is atuched to the 
car, »he car is pulled along 
the balloon. 
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Paper Rodcets 



Subject: Rockeoy 
Topic Stability 

DcMrqption: Small flying roctos made out of paper 
and pr^>cUcd widi air blown through a straw. 

Materials: 

Soap bond p^r 

Cdk^anetapc 

Sdssms 

Sharpened fat pcndl 

MiUshakc straw (slightly thinner than pcndl) 
Procedure: 

1. Cut a narrow rectangular strip dT paper about 

13 cm long and roll it tightly around the fat pcndl. 
Tape the cylinder and remove it from the pencil. 

2. Cut points into one end of the cylinder to make a 
cone and slip it back c»ito the pencil. 

3. Slide the cone end onto die pencil tip and squeeze 
and tape it together to seal ti>e end and form a 
nose cone (the pencil point provides support for 
taping). An alternative is just to fold over one end 
of the tube and seal it with tape. 

4. Remove the cylinder from the pcndl and gently 
blow into the open end to check for Icata. If air 
easily escapes, use more tape to seal the kaks. 

5. Cut out two sets of fins using the pattern on this 
page and fold according to the diagram. Tape the 
fins near the open end of the cylinder. The tabs 
make tai»ng easy. 



Tape 




Tape 



Flying the Paper Rocket: 
Shp the straw into the rocket's opening. Point the 
rocket in a safe direction, sharply blow through the 
straw. The rocket will shoot away. Be careful not to 
aim the xocket toward anyone because the rocket 
ould poke an eye. 

Discussion: 

I^per rockets demcMistratc how rockets fly through the 
atmo^herc and the importance of having fins for 
control. For experimental purposes, try building a 
rocket with no fins and one with the fins in the front to 
sec how they will fly. Practice flying the rockets on a 
ballistic trajectory towards a target. Also try making a 
rocket with wings so that it will glide. 



Fold Down 




FokJ Up 



Fin Shape 



ERIC 



21 



Classroom 
Activities 




Water Rockets 



Subject: Rockets 

Topic Newton's scoMid law of motion 
Dcscriptioa: Varying the amount of water and pressure 
in water rc^kcts affects the distance they travel. 
Cootributed by: Gregory Vogt, Oklahoma State 
University 

Materiais and Tools: 

2 Water rockets and pumps (available for a few dollars 

each horn toy stores) 

Water 

Small wooden stakes^ small flags, or other materials to 
serve as markers 

Prottdure: 

1 . Take the water rockets, pumps, water suppiy, and 
markers to an outside location such as a clear, grassy 
playing Heki. 

2. Attach both rockets to their pumi» as shown on the 
package they came in. Pump one rocket 10 times. 
Pump the second rocket 20 times. Have two 
students point the rockets across the field in a 
direction in which no one is standing. The rockets 
should be heW next to each other at exactly the 
same height above the ground and aimed upward at 
abou^ a 45 degree angle. Count backwards from 3 
and have the students release the rockets. Mark the 
distance each rocket flew. 

3. Pour water into one rocket so that it fiUs up to the 
30.48 meter line. Do not pour water into the other 
rocket. Attach both rockets to their pumps. Pump 
both rockets 20 times. Again aim the rockets across 
the field as before and rekase them simultaneously. 
Mark the distance each rocket flew. (Caution: The 
rocket with the water will expel the water from its 
chamber and may ^ray a student. If the student 
stands to the side for the release, the water ^ray 
^ould miss the student.) 




Try other combinations for simultaneous firings of 
the rockets, such as a small amount of water in one 
and a larger amount of water in the other, or equal 
amounts of water but one pumped differently. Be 
sure to change only one variable at a rime (t.c, vary 
only the water or only the pumping). 
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Discussion: 

Isaac Newton's second law of motion states xhM force is 
efml to mass times mtcekration. In rocket terms, it 
.neans that the throst of s it>cket is equal to the amount 
of mass (fire, smoke or steam, and gM) expelled by the 
rocket engine times how fast it is expelled* Designers of 
powerful rockets try to maximize both mass and accel- 
eration to get the greatest thrust possible iKcause thrust 
is a product of tl^ two. In the 1960s, designers of the 
Saturn V rocket built first-stage cnpncs that burned 
kerosene and liquid oxygen. The two propcllants were 
injected into each of the five engines of the first stage by 
high'Sf^ed turbines, KcrMcne chosen as the fuel 
because it is a very dense liquid when compared to other 
rocket fuels. During o{^ration, the ftvt engines con- 
sumed 15 tons of propellants per second. The combina- 
tion of dense fuel and high-speed combustion produced 
a liftoff thrust of 7.5 million pounds. 



Water rockets can demonstrate Newton^s second law 
where one varies the pressure inside the rocket and the 
amount of water present. In the first test, neither rocket 
went very far becau^ the air inside did not have much 
mass. The nxket that was pumped more did travel 
farther because the air in that rocket was under greater 
pressure and it escaped the rocket at a higher speed 
(acceleration). When water was added to one of the 
rockets, the effect of mass vm demonstrated. Before the 
air could leave the water rocket, the water had to be 
expelled. Water has a much greater mass than air and it 
contributed to a much prater thrust. The rocket with 
water flew much farther than the rocket filled only with 
air. By varying the amount of water and air in Uie rocket 
and measuring hoi^' far the rockets travel, stud" *ts can 
sec that the thrust of the rocket is dependent c * he 
mass being expelled and how fast it is being expt -d. 
Thrust is greatest when mass and acceleration arc 
greatest. 
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Balloon Staging 



Sublet: Rocketry 
Topic Rocket staging 

Descr^don: Two inflated balloons simuJatc a multi- 
stage rocket launch as they slide along a fishing line on 
the thrust produced by escaping air. 



4. Take the balloons to one end of the fishing line 
and tape czdi balloon to a straw. The balkx>ns 
should be pointed afong the length of the fishing 
line. 

5. If you wi^:, do a rocket countdown and release the 
second baIk>on you inflated. The escaping gas will 
propel both balloons along the fishing line. Wlien 
the first balloon released runs out of air, it will 
release the other balloon to continue the tr^>. 




Materials and Tools: 

2 Long party balloons 

Nylon monofilament fishing line (any weight) 
2 Plastic straws (milkshake size) 
Styrofoam coffee cup 
Masking tape 
Scissors 

Procedure: 

1 . lliread the fishing line through the two straws. 
Stretch the fishing line snugly across a room and 
secure its ends. Make sure the line is just high 
enough for people to pass safely underneath. 

2. Cm the coffee cup in half so that the lip of the cup 
forms a continuous ring. 

3. Ixxiscn the balloons by prcinflating them. Inflate 
the first balloon about thrcc-founhs fiill of air and 
.squeeze its no/xlc tight. Pull the nozzle through 
the ring. VVhilc someone assists you, inflate the 
.second balloon. The front end of the second 
balloon should extend thnou^ the ring a shon 
di:»tancc. As the second balloon inflates, it will press 
against the noz/Jc of the ^rst balloon and take over 
the job of holding it shut. It may take a bit of 
practice to achieve this. 
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Discussion: 

Traveling into outer 5^ce takes enormous amounts of 
energy. Much of that energy is used to lift rocket 
propellanD that will be used for later phases of the 
rocket^s flight. To eliminate the technological prob- 
lems and cost of building giant one-piece rockets to 
reach outer ^ce, NASA, as well as all other space- 
faring nations of the world have chosen to use a rocket 
technique that was invented by sixteenth-century 
fireworks maker Johann SchmidJap. To reach higher 
altitudes with his aeria! di^Iays, Schmidlap attached 
smaller rockets to the top of latter ones. When the 
larger rockers were exhausted, the smaller rockets 
climbed toewn higher altitudes. Schmidlap called his 
invention a **stcp rocket.'' 

Today's space rockets make use of Schmidlap's inven 
tion through **mullistaging.'' A large first-stage rocket 
carries the smaller upper stages for the first minute or 
two of flight. When the first stage if exhausted, it is 
released to return to the Earth. In doing so, the upper 
stages are much more eflicient and are able to reach 
much higher altitudes than they would have been able 
to do simply because they do not haw to carry the 
expired engines and empty propellant tanks that make 
up the first stage. Space rockets arc often designed 
with three or four stages that each fire in turn to send a 
payloaci into orbit. 

31 



Classroom 
Activities 




Newton Cart 



Subject: Rocketry 
Topic; Newton's laws of motion 
Description: A wooden block is thrown by a slingshot- 
like device from a cart and produces a thrust that causes 
the cart to move in the opposite direction. 



Materials md Took: 

1 Wooden block about 10x20x2.5 cm 

1 Wooden block about 7.5x1x2.5 cm 

3 - 7,62 cm No. 10 wood scrcv:^ (round head) 

12 Round pencils or short lengths of similar 

dowel rods 
3 Rubber bands 
Cotton string (several feet) 
Matches 

6 Lead fishing sinkers (about 14 gm each) 

Drill and bit 

Vice 

Screwdriver 



Pmccdure: 

1 . Screw the three screws in the large wood blcKk as 
shown in the figure. 

2. Hold the short piece of wood with a vice and drill 
two holes large enough to drop two sinkers in each, 

3. Tic several small loops of string (the same size). 

4. Place one string loop over a rubber band and then 
place the ends of the rubber band over the rs^ o 
screws on one end of the lat^e wooden block. Pull 
the rubber band back like a slingshot and slip the 
string over the third screw to hold the rubber band 
stretched. 

5. Arrange the pencils or dowel rods in a row like 
railroad tics on a le\'el table top. Set the large block 
on one end of the row so that the single screw 
points to the middle of the row. Slip the small block 
(without sinkers) into the rubber bands. 




Light a match and ignite the ends of the string 
hanging down from the loop. When the string 
burns through, the rubber band will throw the block 
oflFthc cart and the cart will roll in the other direc- 
tion. Note how far the can travels along the tabic 
top. 

Reset the equipment and add a second rubber band. 
Again, light the string and note how far the cart 
travels. 

Reset the equipment and try again with 3 rubber 
bands. Tr>' again with one rubber h-^nd and tA^'o 
sinkers, 4 sinkers, etc. 
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Discussion: 

The Nc^^on cart provides an excellent demonstrati'^n 
of Isaac Ncii^ton's three laws of motion. The laws are 
$t9'.ed in general tr rms below 



Fim I ^w: 



Second Law: 
Third Uw: 



An object at rest will 
remain at rest or an 
object in motion will 
remain in motion in a 
straight line unless acted 
upon by an unbalanced 
force. 

Force equals mass times 

acceleration. 

For c\'cry action there is 

an opposite and equal 

reaction. 



The Ne^ion cart remains at rest on the tabletop until 
an unbalanced force (from the expelled block) causes it 
to move. A rocket remains on the launch pad until the 
thrust from the engines propels it upward. 



The amount of thrust on the cart is determined by the 
mass of the block and how fest it is thrown off This can 
easily be seen in how far ihe cart traveled. The cart with 
a single rubber band and no sinkers did not travel very 
far. With two and three rubber bands, the block was 
thrown off much faster (acceleration). With sinkers 
added to the block, the block had more mass and this 
caused the can to travel fenher than when the block had 
no sinkers at alK In rockets, the propellants provide the 
mass and the rocket engine bums the propellants and 
directs the gases produced in the proper direction. 
Rockets can increase their thrust by burning propellants 
faster (mass) and by expelling the gases produced out ^f 
the engine ^ster (acceleration). 

Throwing the block from the can is an "action'' and the 
can's movement is a •'reaction.'" The action and reac- 
tion are in opposite directions. Rockets produce action, 
or thrust, by the escape of gases out of their engines. 
The rocket's movement in the opposite direction is its 
reaction. 
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Pencil Rockets 



Subject: Space Flight 
Rockets 

Dem^ticm: Rockets, with pencils fix bodies, arc 
hundied with a nibber-band-po«^red launch pbtform. 

Materials and Tools: 

2 Pieces of wood 7.5x10x2.5 cm 
2 Cup hooks 

1 Wooden ^ring dotheq;>in 
1 Small wood screw 

1 Saeweye 

2 Metal angle irom and screws 
4 Feet of heavy string 
Iron baling wire 
Several nibbcr bands 
Several wooden pencils 
Several pencil cap erasers 
Cclk^hanc or masking tape 
Heavy paper 
Saw 

Wood aie 

Drill 0.5 cm diameter 
Pliers 

Figure 1 

Procedure: Launch Platform 

1 . Join the two pieces of wood as shown in the dia- 
gram to form the launch platform. Use a metal 
angle iron on each side to strengthen the structure. 

2. Screw in the cup hooks and screw eye into the wood 
in the places indicated in Figure 1. 

3. Disassemble the clothespin, and file the "jaw*" of one 
wood piece square as shown in Figure 2. Drill a hole 
in this piece and two holes in the other piece as 
shown. 

4. Drill a hole through the upright piece of the launch 
platform as shown and screw th !othcspin to the 
upright piece so that the lowtr holes in the pin line 
up with the hole in the upright. Reassemble the 
clothespin. 




5. Tic a big knot in one end of the string and feed it 
throu^ the clothespin as shown in Figure 1, 
through the upright piece of the platform, and then 
through the screw eye. When the free end of the 
string is pulled, the string won't slip out of the hole, 
and the clothe^in will open. The clothespin has 
become a rocket hold-down and release device, 

6. I>oop four rubber bands together and loop their 
ends on the cup hooks. The launch platform is now 
complete. 
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Rocket 

1 . Take a short piece of tiling wire and wrap it around 
the eraser end the pencil about 2.5 cm fiom the 
end. Use pliers to twist the wire tightly so that it 
^bites'* into the wood a bit. Next, bend the twisted 
ends into a hook as ^own in Fi^re 3. 

2. Take a sharp knife and cut a notch in the other end 
of the pendl as ^own in Figure 3. 

3. Cut out small paper rocket fins and tape them to the 
pendl just above the notch. 

4. Place an eraser cap over the upper end of the rocket. 
This blunts the nose to make the rocket szkr if it 
hits something. The rocket is now complete. 

Launching Pencil Rockets 

1 . Choow: a wide-open area to launch the rockets. 

2. Spread open the jaw of the clothespin and place the 
notched end of the rocket in the jaws. Close the 
jaws and gently pu!) the pendl upward to insure the 
rocket is secure. If the rocket docs not fit, change 
the shape of the notch slightly. 

3 Pull the rubber bands down and lot>p them over the 
wire luK>k. Ik sure nor to !(H>k down over the 
rocket as you do this in case the rocket Is prema- 
turely a-leascd. 

4. Stand at the other end of the launcher and step on 
the w(u>d ro provide additional support. 

5. Make sure no one except yourself is standing next to 
the launch pad. C^^unt down from 10 and pull the 
string. Step out of the way from the rocket as it flics 
about 22.79 meters up in the air, gracefully turns 
upside down, and returns to Earth. 

6. ITic rocket's terminal altitude can be adjusted by 
increasing or decreasing the tension on the rubber 
bands. 



Disciissicm 

like Robert Gockiardi's first tiquid-fiid rocket in 1926^ 
the poicil rocket 1^ its i^iwaid diriist from its 
area ladier dian its tail. Regardless, the roclst's fins still 
provide stability, gukling the lodxt iqmaid fof a 
smoodiflt^L If a aeady wiiKi is bkming during fl^t^ 
the fins wiH sxtcx the rocket towaid the wind in a process 
called %Ftather cocking.^ Active omtrols steer NASA 
rockets during fli^t to prevoit weather oxking and to 
aim them on the ri^t tiajectory* Active contrx^ls include 
tilting nozzles and various forms of fins and vanes. 




Figure 3 
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space Shuttle Model 

Sabjecc Manned Spa« Flight 
T<^c Model BuikUng 

DcKC^Mi: Construct a model of the Space Shuttle 
orbiter frwn scnp mattrials. 

Materials and Tools: 
2-Iiter plastic soda pc^ bottle 
2 Egg cartons 
6-oz Paper cup 
Maddngtape 
NewQMiper 

Glue for papier- macht 
White glue 
Scissors 

l/^ Wing shape 
Procedures: 

1. Cut two wings 6ncMn the t(^ of an c^ carton as 
shown in the diagrams. Tape the wings, as shown, 
to ^e bottte. 

2. Cut out an "egg well" from the carton and tape to 
the bonom of the cup to round <^ die flat surface. 
Tape Ac cup ovw the neck of the bottle. If the 
neck is too long to permit a good fit, take a sharp 
knife and trim it off a bit. 

3. Cut out a vertical tail for the model from the egg 
carton and cape it onto the bottle. 

4. Cover the model with i»pier-mach6. Narrow strips 
of newspaper arc easi«t to work with. Let the 
papier-machi dry and add additional layers for 
strength. 

5. Cut three egg wells to make engines fr>r the orbiter. 
Cover each well with papicr-mach6 and let it dry. 

6. When the body of the orbiter and the engines are 
dry, glue the engines to the tail end of the model as 
shown. 

7. Paint the model and add decals, stars, and other 
decorations when dry. 



If) 
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Hero Engine 

Subjm: Aeronautics, Rocketry 
Topic Weightlessness 

Dcsdptkm: Plans for constructing a working model of a 
Hero engine. 

Contributed by: Gregory Vogt, Oklahoma State 
University 



Materials and Tools: 

Cq>per toilet tank float 

Thumb screw, 0,635 cm 

Brass tube, 30.48 cm, .476 in diameter 

(from hobby shops) 
Solder 

Fishing line and swivel 
Ice pick or drill 
Metal file 
Propane Torch 

Procedure 

1 . File the middle of the bta^ tube until a m>tch is 
produced. Do not file the tube in half. 



Using the ice pick or drill, bore two small holes on 
opposite sides of the float at its imddic. The holes 
should be jim laiiec emm^ to i»ss the tube 
straight thioug^ the float. 
With the tube poatkKied so that equal lengths 
protrude through the float, heat the contact points 
of the float and tube with the propane torch. 
Touch the end of the solder to the heated area so 
that it melts and seals both joints. 




5. 



6. 



Drill a water aoxss hole thiougfa die threaded 
oonnecfior at the top of the fkM to makr filling with 
wasereasto'. (Water can enter tlK compl'ited engine 
through the tubes.) 

Using the tcnrii again, 1^ die protruding tubes 
ab(»it 2.S4 cm finmn each end. Vt^di {diets, carefully 
bend die tube ops in <^po»tc directi(ms. Bend 
slowly so that die tubes cb m»t crimp. 
Drill a snail hc^ thiou^ the flat part of Ac thumb 
screw fix attaching die fish line and swivel. Twist 
the thumb screw into die diread^ ccmnector of the 
fl<»t in Step 4 and attach the line and swivel. 
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Discussion: 



1 . Place a few tabIc${>oons of water into the float. The 
precise amount is not important. The float can be 
filled throu^i the top if you drill an access hole or 
through the tubes by paitially immerang the engine 
in a bowl of water with one tube submerged and the 
other out of the water, 

2. Suspend the engine and heat it at its bottom with 
the torch. In a minute or two, the engine should 
begin spinning. Be careful not to c^i^te the engine 
too long because it pnobaWy will not be balanced 
and may wobble lolently. If it begins to wobble, 
remove the heat. 



The Hero engine was invented by Hero (also called 
Heron) of Alexandria sometime in the first ccntur>' BC. 
His engine was a sphere with luo L-shaped tubes 
connected to a water filled kettle heated from below. 
Steam produced by boiling water caused the sphere to 
spin. Remarkably, the Hero engine was considered a 
novelty and, rcjwrtedly, no attempt to harness its power 
was made at that time. 

The principle behind the engine is simple. Steam from 
the boiling water inside the float pressurizes the float. 
The steam rapidly escapes through the tubes producing 
an action-reaction force causing the float to spin. The 
action reaction principle of the Hero engine is the same 
that is used to propyl airplanes and rockets. 

For an interesting follow - up demonstration, make a 
second engine using a larger diameter brass tube. 
Compare the rotation of the t^-o engines. The cKaping 
steam from the larger-tube engine will have a lower 
acceleration and will not spin as fast (Ne\non*s second 
law of motion). 



Condon: This demonstratiofi should be done by 
adults only. Eye protcctiain is advised. B€ sure 
to confirm that die tubes are not c4»tructed in 
any way before heating. Test them by blowing 
throu^ one like a straw. If air flows out the 
other tube, the engine is safe to use. 
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Resources 



1990 Model Rocketry 
Manufacturers Directory 

(Pnnided by the National A$$ociadon of R<x:kedy, 
131 1 Edgew-ood Drive, Dept. JB, Altoona, Wi 54720) 

Estes Industries 
1295 H Street 
Penrose, CO 81240 

Estes Industries is a leader in the model rocker 
industry. Esics carries a comp'ste line of model 
rocket kits, motors, launchers, computer programs, 
and educational materials. 

Apogee Components 
1 1 1 1 1 Greenbrier Road 
Minnetonka, MN 55343 

Apogee Components is your source for high tech- 
nology competition parts. Apogee's components 
include phenolic body tubes, injection molded nose 
cones, and Vaferglass" fin stock. 

Spectrum Video Productions 
Box 3698 
Ontario, CA 91761 

Spectrum Video Productions offers a complete line 
of NASA films in the VHS format. Film tqscs indude 
Mercury, Gemini, and Apollo missons, as welt as 
coverage of many of the Space Shuttle missions. 

U.S. Rockets 
Box 1242 

Claremont, CA 91711 

U.S. Rockets oifFere kits and parts for the high -power 
rocket enthusiast. 

Model Aviation Fuels 

R,D. 6, Box 172 

Clarke Summit, PA 18411 

Model Aviation Faels offers interesting kits to the 

model-making enthusiast. Hicy offer body tubes, 

nose cones, and fin materials for the D-F-F-G 

powered models. 
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MARS 

2240 9th Street 

National City,CA 92050 

MARS offers specialized tubes for the modeler. 

Their tubes are bright silver for easy backing. 

Space Frontien 
Box 6488 

Newport News, VA 23606 

Space Frontiers magazine offers modelerc interesting 

facts on space and rocketry. 

Belleville Wholesale Hobby 
1827 North Charles Street 
Belle'/ille, IL 62211 

Belleville Wholesale Hobby offers the modeler 
wholesale prices en the complete line of Estes 
prcxlucts. 

Flight Systems, Inc. 
9300 F^t 68th Street 
Raytown, MO 64133 

Flight Systems, Inc., offers a complete line of kits 
and motors in D-G powered model rockets. 

ACME Rocket 

Box 28283 Dept. AS27 

Tempe,AZ 85285 

If you arc interested in building the kits of yesterday, 
then ACME Rockets is your resource for finding 
out-of-production model rocket kits. 

East Coast Rockets 

408 Laik Drive 

Mount Laurel, NJ 08054 

East Coast Rockets offers a line of kits for the A-D 

class mcxiel rocket flyer, as well as a line of parts and 

accessories. 
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